Semi parametric estimators of the survival function, the hazard function, and the mean residual life function of geometric distribution using uncensored and Type II censored samples are obtained. The accuracy of the estimators so obtained is investigated empirically using simulated samples. The results are applied to a real life data set for illustration.
Introduction
During the past twenty years, manufacturing industries have gone through a revolution in the use of statistical methods to improve product quality. Due to global competition, the industry faces immense pressure for shorter productcycle times, stringent cost constraints, and higher customer expectations for quality and reliability. A natural extension of the revolution in product quality is to focus on product reliability, which is defined as quality over time. Reliability can be defined as the probability that a unit will perform its intended function until a specified point in time under encountered use conditions. The environment in which a product operates is a critical factor in evaluating the reliability of a product. The design for reliability requires careful consideration of product (process) failure modes. Broadly, failure modes can be classified as those that are anticipated and those that are unanticipated. Generally, engineers focus only on the anticipated failure modes. The main focus, however, of the statistician is in the unanticipated failures and it plays a crucial role in product reliability.
Reliability analysis of devices through failure time data when time is treated as discrete is a recently emerging area of research. Kemp (2004) provided a good discussion on the importance and applications of discrete life distributions. The sophisticated equipment used in the manufacturing process requires accurate measuring devices to record their failures in continuous time. In situations where such measuring instruments are very costly or their availability cannot be ensured, it may be desirable to go in for failure times that are in completed units of time (Xekalaki (1983) ). The latter procedure is more desirable, provided the loss of accuracy in replacements of continuous measurements with discrete ones is more than compensated by the gain in terms of other considerations such as money, ease of analysis and time saved etc. Discrete distributions naturally arise when records are taken in completed units of time. The fact that many of the discrete distributions can be closely approximated by continuous distributions adds to the utility of the former as models of life length. Also, there is a well developed methodology to separately find the distribution of the integer parts and fractional parts of continuous random variables. This methodology often permits inference on parameters based on count data to be translated to those based on continuous measurements with a reasonable estimate of the margin of error on account of the translation. The geometric distribution owing to its lack of memory property is widely used to model such systems.
Reliability measures of the geometric distribution
An important property of a product or system is its ability to fulfill the intended purpose without failure for a specified period of time under stated conditions. Reliability is a yardstick of the capability of a component to operate without failure when put into service. The survival function, hazard function and mean residual life function are three important notions used extensively for characterizing life distributions.
Let X denote a discrete random variable in the support of { } 0,1,... I + = denoting the time to failure of a component. Defining
the survival function of X and ( ) f x , the probability mass function of X , the hazard rate of X is defined as
and the mean residual life is defined as
Suppose that the life span X of the component under observation follows a geometric distribution with probability mass function
Estimation of the geometric parameter and the reliability measures using uncensored data Wu (2001) and Faucher and Tyson (1988) proposed semi parametric estimation of the parameters of exponential and Pareto distributions using the empirical distribution function based on complete samples. The results are further extended, to the study of geometric distribution, by Mathachan and Jeevanand (2005) . From (2.5)
Equation (3.1) can be written in the form,
. By least square procedure, the 
The estimated asymptotic variance of Â is and the estimated asymptotic variance is
Estimation of the hazard function The estimator of the hazard function of the model (2.4) is
with estimated asymptotic variance Estimation of the geometric parameter and reliability measures using Type II censored data With the high reliability products that are common today, testing under normal conditions is time consuming and even expensive. Thus, in life testing experiments, it is a common practice to cease testing before all the components under observation have failed. The resulting sample is a censored sample. Censored data occur frequently in medical research, and estimation of the reliability measures viz. survival function, hazard function and mean residual life function has been an attractive topic when the data are censored. Estimation of hazard function and mean residual life function has drawn less attention than that of the survival function. For the survival function, the KaplanMeier estimator (1958) is a widely used nonparametric estimator. It is strongly consistent and is asymptotically normal (see, Kim, et al., 2005, and Jan, et al., 2005 The simulated absolute bias, SD and MSE of the estimators proposed for the reliability measures using uncensored samples of sizes 20, 50 and 100 for 1000 replications corresponding to different choices of the parameter values are given in Tables 1 -3 , respectively.
The simulated absolute bias, SD and MSE of the estimators proposed for the reliability measures using Type II censored samples of sizes 20, 50 and 100 with different censoring schemes (i. e., for different choices of the censoring time ) for 1,000 replications are given in following tables, Table 4 increases for a given θ.
Example for assessing the estimators with real data The pattern of natal dispersal in vertebrate animals is an important factor affecting the genetic and demographic processes within and between populations. The geometric probability distribution is a common way to model the frequency distribution of vertebrate dispersal distances (Porter and Dooley (1993), Greenwood et al., (1979) ). They define X as the number of units (home ranges, habitat, nest sites, territories etc. with a fixed diameter) moved before stopping (settling and / or dying) and θ , the probability of stopping while crossing any one unit of habitat before moving to an additional home-range diameter.
For an illustration of the present study, used is the data about the dispersal distance (in units of 200 meters diameter) from natal site to first year breeding site for different categories of 117 one-year-old male great tits given in page 141, Appendix I, Greenwood et al. (1979) . The estimators of the geometric parameter and the reliability measures based on the censored and uncensored samples are given in Table 7 .
The estimators are computed using Type II censored samples with different choices of the censoring time . For the above data, the value 0.2566 is obtained. Table 7 suggests that the new semi-parametric estimates suggested are close to the MLE in most cases. 
